A transition from sequential to simultaneous product realisation considerably reduces the time and costs of product realisation [5] and [6] , as shown in Fig. 2 .
It can be seen from Fig. 2 that product definition costs rise uniformly in sequential product realisation, because of sequential execution of product definition activities (marketing, product draft, product development, elaboration of design documentation, material management), while production costs rise rapidly, due to long iteration loops for carrying out changes or eliminating errors.
The cost of product definition is much higher in simultaneous product realisation due to the parallel execution of activities (more work is done during this stage), while production costs are much lower than in sequential realisation, due to short iteration loops for carrying out changes and eliminating errors.
In simultaneous product realisation, there are interactions between individual stages of the product realisation process. Track-and-loop technology has been developed for executing these interactions [1] . The type of loop defines the type of co-operation between the overlapping stages of the simultaneous product realisation process. Winner [7] suggests that 3-T loops should be used where interactions exist between three levels of a simultaneous product realisation process.
A transformation of input into output is made in every loop on the basis of requirements and restrictions [4] and [6] .
In small companies, a two-level team structure is planned for the execution of 3-T loops of a simultaneous product realisation process [5] , [6] and [8] , with a variable structure of core and project teams, as shown in Fig. 3 . The task of the core team is process support and control, while the task of (virtual)
INTRODUCTION
The essence of modern production is to make a product that a customer needs as quickly and cheaply as possible.
Under these conditions, only a company that can provide customers with the right products in terms of functionality and quality, produced at the right time, at the right location, of the required quality and at an acceptable price, can expect global market success. A product that is not produced in accordance with the wishes and requirements of customers, hits the market too late and/or is too expensive, will not survive competitive pressure [1] to [3] . The customer should therefore participate in the process of simultaneous realisation of a product as early as possible. They can participate by expressing their wishes and requirements regarding project definition. The customer should be a temporary member of project teams in simultaneous product realisation loops.
The main feature of sequential product realisation is the sequential execution of stages in the product realisation process [4] and [5] . The observed stage of the product realisation process can only begin after the preceding stage has been completed. Data on the observed process stage are built gradually and are completed at the end of the stage-the data are then forwarded to the next stage (Fig. 1 ). In contrast with sequential product realisation, the main feature of simultaneous product realisation is the concurrent execution of stages in the product realisation process [4] and [6] . In this case, the observed stage can begin before the preceding stage has been completed. Data on the observed process stage are collected gradually and are forwarded continuously to the next stage (Fig.  1) . project teams is the execution of the tasks defined within the simultaneous product realisation process. It is obvious that simultaneous product realisation is not possible without well-organised teamwork or virtual teamwork, which is the means for organisation integration. It incorporates:
Teamwork in the Simultaneous Product Realisation
• the formation of a core team, project teams or virtual project teams in product realisation loops,
• the selection of communication tools for the core team, project teams or virtual project teams, • the definition of a communication matrix.
TEAMWORK IN SIMULTANEOUS PRODUCT REALISATION
Teamwork is a precondition for a transition to simultaneous product realisation.
Forming Teams or Virtual Teams for Product Realisation
Analysis of teams in small companies led the authors to the conclusion that simultaneous product realisation required a shift from the terms "team" and "teamwork" to "virtual team" and "virtual teamwork" [9] and [10] when forming project teams.
A team is defined as a small group of people with complementary abilities that are activated in order to achieve the common goal for which they are all responsible. Team members are at the same location and in the same room. A virtual team is defined as a team consisting of members that are located in various buildings, countries or states and their cooperation is not limited by distance, organisation or national borders. Virtual teams are formed to carry out a specific project. The teams are disbanded when the project is finished. A geographically dispersed virtual team allows a company to select the best team members, regardless of their locations. There are also substantial savings in time and costs of virtual team operation. Moreover, a virtual team may often have short meetings (if needed), which is physically difficult to achieve with a »classical« team.
Experience in solving problems related to forming teams or virtual teams [11] to [13] led the laboratory researchers to the conclusion that a virtual team should be formed in the following steps:
Step 1: Identifying the need for a virtual team.
Step 2: Definition of virtual team tasks.
Step 3: Definition of procedures and processes for achieving the common goal.
Step 4: Selection of virtual team members.
Step 5: Appointment of a virtual team leader.
The success of a virtual team leader depends on their skills, tools, techniques and strategies in a virtual environment. Because of many different forms of expert knowledge and leadership abilities, it is possible to rotate the virtual team leader-various members of a virtual team can undertake the role of team leader at various stages of the product realisation process. Teamwork in the Simultaneous Product Realisation
Communication Tools Used in Teams and Virtual Teams for Simultaneous Product Realisation
Members of (virtual) teams must constantly communicate in order successfully to perform their tasks and to achieve the common goal. This is possible by using the available hardware and software [14] . 
Communication Matrix in Product Realisation Loops
The communication matrix defines the method of exchanging information and documents in the execution of simultaneous product realisation activity loops.
A list (Table 2 ) must be made for every activity: • input information with required documents for beginning the execution of the activity, • output information with required documents that arise from execution of the activity, • tools for creating and storing information, • sender of the information or document, • receiver of the information or document, • communication tool used for information exchange.
SIMULTANEOUS REALISATION OF A CAR COMPONENT

Organisation for Simultaneous Realisation of Car Component
A company decided to make a project plan for simultaneous realisation of a car component (pedal assembly) and to carry out this project. [10] and [11] was used for a decomposition of the project into activities. There were 280 activities and five loops of simultaneous realisation of the car component within the six stages of pedal assembly realisation:
• order acquisition loop (3-T loop), • pedal assembly development loop (3-T loop),
Fig. 4. Structure of teams for simultaneous realisation of car component Teamwork in the Simultaneous Product Realisation
• pedal assembly process loop (3-T loop), • pedal assembly qualification loop (3-T loop), • completion of the project of pedal assembly realisation loop (2-T loop). Fig. 3 shows how the loops are formed, and the type of cooperation within realisation stages.
When linking activities in a project network diagram, the principle of parallelism was used in such a way as to achieve maximum overlapping of activities [10] and [11] where needed due to continuous information flow between people who execute activities.
After seeing the presentation of two-and threelevel structures of (virtual) teams in product realisation loops [5] and [8] the company management selected a two-level team structure, whereby the core team is on the first level and five virtual project teams are on the second level (Fig. 4 ).
Forming Teams / Virtual Teams for Simultaneous Realisation of Car Component
The core team for simultaneous realisation of the car component will monitor the whole project, solve organisational issues and coordinate the strategy of performing tasks [15] and [16] The core team members (with the exception of the project manager) will work on the project for someof their working time, while the rest of the time they will perform tasks in their departments.
The project team manager will be outside their department throughout the project duration and will work full time on the project. When the project is finished, the project team manager will return to their department.
As shown in Fig. 3 , there will be five virtual project teams in loops of simultaneous realisation of the car component. Members of virtual teams will be experts from 14 company departments and two representatives from strategic suppliers and customers, depending on the level of assigned responsibility for execution of activities within a particular loop.
When the company obtains an offer, loop 1 activities (Order acquisition loop) are started; its three stages are: project preparation, the development of the pedal assembly and the development of the pedal assembly process. This loop is executed when the sales department considers that it is sensible to make an offer for the realisation of the pedal assembly.
Loop 1 is followed by loops 2 to 5. The project manager decided (in agreement with the company management) that the intensity of responsibility of each virtual team member during the execution of activities would be marked by a 1-3-9 method, as shown in Table 3 .
A creativity workshop [17] was organised with 14 representatives from company departments, as well as representatives from suppliers and customers.
The goal of the workshop was to score the intensity of the responsibility of virtual team members when executing the activities of the five loops in simultaneous realisation of the car component.
Part of the results of scoring the intensity of responsibility of virtual team members during the execution of the first loop of simultaneous realisation of the car component are presented in Table 3 .
The responsibilities of each virtual team member for the execution of activities in the first loop of car component realisation can be seen from Table 3 .
The procedure of scoring the intensity of the responsibility of virtual team members was also carried out for the other loops.
From the sum of points assigned to the ith team member during execution of activity in the j th loop, a factor of total intensity of responsibility of the i th member in the jth loop can be calculated as:
where FTI i,j is a factor of total intensity of responsibility of the i th team member in the j th loop, SMP i,j sum of the points assigned to the i th member in the j th loop and SAP j sum of all points assigned in the j th loop.
A part of the results of the calculation of the total intensity of the virtual project team members' responsibility factor during the execution of activities in all five loops of simultaneous realisation of pedal assembly are shown in Table 4 .
After they had made an overview of the total intensity of responsibility factors of virtual team members during the execution of activities in the loops of pedal assembly realisation, the creativity workshop participants reached the following conclusions:
• the i th member of the virtual project team (VPT) of the j th loop of realisation of the pedal assembly, with the maximum factor of total intensity of responsibility, would be appointed as team leader of the j th loop of PTL,
• representatives from departments with a total intensity of responsibility factor above 5% would would also be included in the j-th loop of pedal assembly realisation, regardless of their total intensity of responsibility factor, in order to avoid misunderstanding suppliers' and customers' requirements. Fig. 6 presents the structure of virtual project teams of five loops in simultaneous realisation of the pedal assembly.
Forming the Communication Matrix
A creativity workshop was organised with 14 representatives from company departments, as well as representatives from suppliers and customers.
Teamwork in the Simultaneous Product Realisation
The goal of the workshop was to define the following for every activity in the loops of simultaneous realisation of the car component:
• input information with required documents for beginning execution of an individual activity, • output information with required documents that arise from execution of an individual activity, • tools for creation and storage of information, • senders of information or documents, • receivers of information or documents, and • the mode of sending the information or documents. Table 5 shows some results of the creativity workshop regarding the formation of the communication matrix for execution of activities of the "Order acquisition loop". The communication matrix defines in advance the mode of information exchange and communication tools required.
CONCLUSION
The paper emphasises that simultaneous product realisation is not possible without well-organised teamwork or virtual teamwork.
A two-level team structure of a track-and-loop process of simultaneous product realisation, suitable for small companies, is presented. An overview is given of available communication tools for teamwork/ virtual teamwork, with the advantages and drawbacks of individual tools.
When making virtual project teams in the loops of simultaneous product realisation, a method of calculating a responsibility intensity factor of team members with respect to loop activities was used. The content of the communication matrix of simultaneous product realisation is formed, defining the exchange of information/documents in the execution of simultaneous product realisation activity loops.
The suggested methodology of forming teams or virtual teams and communication matrix of simultaneous product realisation was tested on a study case of a pedal assembly. Altogether, there were 41 people in the core team and in the teams of the concurrent realisation loops. Because of the use of simultaneous product realisation strategies (parallelism, standardisation and integration) [10] , [18] and [19] and the tools for continuous communication between team members, the execution time for realisation of pedal assembly project was reduced by 42%.
Further work on solving simultaneous product realisation problems will be focused on making a catalogue of the entire simultaneous product realisation process using ARIS-a tool for process modelling and re-engineering [20] .
